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Abstract 
A 8mm passive focal plane image system which could be applied for airplane ils was introduced in this paper. System 
parameters were designed for this special purpose. Since high gain must be obtained based on limited feed antenna’s 
aperture,  dielectric-loaded horn antenna was designed as the feed of parabolic reflector antenna to receive the power 
radiated from the object. 8mm direct detector receivers were connected directly to the feed horn antennas to avoid 
undesirable blockage. From the imaging results, the concrete buiding could be distinguished easily from the sky in 
the passive millimeter wave image. 
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1. Introduction 
low-visibility weather conditions is the main reason which will affect the safty of airplane landing. In 
low-visibility weather conditions, visible imaging system and the FLIR imaging system can’t work 
properly,  Passive millimeter-wave (PMMW) focal plane imaging is a new method for aircraft ils through 
the passive detection of naturally occurring millimeter-wave radiation from the scene[1][2]. Since 
PMMW focal plane image system could work at all time, and under all weather condition,  and the focal 
plane technic could improve the data rate without the reduction of temperature resolution. 
When PMMW focal plane form image for the runway of airport, the asphalt runway,a good reflector at 
gazing incidence, reflects the sky at the horizon, which is warmer than the overhead sky[1]. The dirt 
adjacent to the runway is colder than the asphalt, so the outline of the runway could be distinguished 
clearly in the PMMW image for landing guidance. 
2. System Design 
The principle of focal plane imaging is the arrangement of multi-feed antennas on the focal plane of 
reflector antenna, beams with different pointing direction are generated by the focus excursion of feed 
antennas, every one beam is corresponding to one point target in the scene, output signal of the receiver is 
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corresponding to the brightness temperature of the target in the scenes, the data rate is proportional to the 
number of beams. If antenna array is big enough, the “staring” image would be obtained without 
scanning[3]. However, it is still too expensive to construct a big two-dimensional focal plane array since 
the millimeter-wave receiver is still cost a lot. Thus a one-dimension PMMW focal plane system with 
another dimensional scanning is designed, which is composed by parabolic antenna, receivers,  scanning 
control system, data collecting and display equipment, as shown in fig.1.   
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Fig.1  diagram of PMMW focal plane system 
Scanning control system allows paraboloid antenna scan horizontally, millimeter wave thermal 
radiation of the different part of the scene was received and sent to direct detection receiver( RF low noise 
amplifying, detector and video amplifying), passive millimeter wave brightness temperature of the target 
could be converted to voltage value. After A/D converting, data collecting and data processing, 
distribution of the brightness temperature of the scene could be obtained.  
2.1. Paraboloidal Reflector Design 
Types of the reflector antenna includes paraboloidal reflector, Cassegrain reflector and Gregorian 
reflector, etc. Since the 8mm-band direct detection receiver connects feed antenna directly through a 
waveguide, paraboloidal reflector is adopted to satisfying the array arrangement of the feed antennas.  
The relationship between the diameter D and the gain G of the rotated parabolic antenna is: 
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Where İap is aperture efficiencies Ȝ is wavelength. Commonly, the value of İap for paraboloidal 
reflector could be 55  
Since the Gain of the paraboloidal reflector should be more than 40dB in this system supposed G
50dB, aperture of the paraboloidal reflector could be obtained: D 1000mm. 
2.2. Parameter of  Lateral-feed Displacement 
Feed antenna of passive focal plane image system are arrangement of the feed antennas on the focal 
plane is a lateral-feed displacement, which could introduce the pattern distortion, gain decrease, thus the 
parameter of lateral-feed displacement should be designed.  
If we choose 1 dB loss of gain(the Rayleigh limit) asour criteria, than for the 10dB taper, the maximum 
number of beam width scanned Nmax is[4]  
2
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Where f is the focal length. Since 24 feed antennas should be arranged in the focal plane in this system, 
when f/D=1, Nmax would be 22 which could satisfy the requirement, and the focal length f could be 
obtained f=1000mm paraboloid  equation would be: 
2 4000x z=                                                          (3) 
When the central feed antenna point to the target, the output of adjacent feed antennas should be strong 
enough,which could be matched when the 3dB point of adjacent beam is overlapped. The angle between 
adjacent feed antenna could be : 
1.22 =0.56
D
λθ ≈ o                                                               (4)
Distance between the aperture centre of adjacent feed antennas is: 
0 1.22 =10mm
fX
D
λ≈
 (5)
 
2.3. Feed Antennas 
In order to minimum the coupling between multiple feed antennas, the distance between adjacent feed 
antennas should be large while the 3dB beam width of  antenna should be narrow to obtain a high gain. 
Conventional horn antenna could not satisfy the requirement since the beam width is related to the 
aperture, so a rectangular-circular conversion waveguide dielectric-loaded antenna is proposed here. 
Geometry of the feed antenna is shown in fig.2. The feed antenna is composed of two parts: rectangular-
circular transition horn and the dielectric rod.  The bottom of rectangular-circular transition horn is 
connected to a standard waveguide, whose size is selected to be a=7.2mm, b=3.4mm to transmit the 
electromagnetic wave with frequency 33GHz 37GHz. ĭ0 is the top diameter of rectangular-circular 
transition horn , H is the height. The material of the dielectric rod is Polytetrafluoroethylene İr=2 , the 
rod is composed of two parts: cylinder part with a length L2 and tapered part with a length L1. Besides, the 
distance from the top of tapered part to the top of rectangular-circular transition horn is L0. 
Fig.2. Geometry of rectangular-circular conversion waveguide dielectric rod antenna 
Optimized antenna parameter is shown in Table.1. the 3dB beam width in E plane and H plane is 
shown in Table.2. In the frequency range 33 37GHz, Voltage Standing Wave Ratio(VSWR) is less than 
1.21. Measured results in table.2 show that the beam of the feed antenna is sharpened after the dielectric 
rod is loaded, which is a benefit for the high gain in the limited aperture size. 
 
Table.1 parameter of the feed antenna                                          Table.2 3dB beam width of the feed antenna 
Pameter         ĭ0        ĭ1       H          L0        L1      L2                                  3dB in E plane              3dB in H plane 
Value(mm)  9.5         4       25.2     64.9       8       64.9                  without dielectric rod             55.41                                55.41 
with dielectric rod                  18.25                               18.87 
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2.4. 8mm-band Direct Detection Receiver 
Conventional heterodyne receivers are made of  RF mixers and IF amplifiers. These systems suffer 
high system temperature and require complex LO signal distribution network. They are bulky and difficult 
to manufacture[5]. 
An alternative receivers is the millimeter wave direct detection receiver which is base on the 
development of millimeter wave MMIC low noise amplifier in these years [6]. The 8mm-band direct 
detection receiver is based on a high gain, low noise amplifier, a Schottky barrier diode waveguide 
detector and a video amplifier, as shown in fig.3. in fig.3 LNA is a multi-stage low noise amplifier, D is a 
diode detector and LFA is a video amplifier.The advantage of direct detection receivers are:1)low system 
temperature, 2)requires no LO, 3)low dc power consumption, 4)fewer parts, 5)high yield and low cost.  
The signal received by antenna is sent to the direct detection receiver and transformed to DC signals.  
 
Fig.3. diagram of direct detection receiver 
3.  Experiment Result 
Large amount of experiment have been made base on the imaging system. One of the images is shown 
in fig.4, as a comparison, the visible image of the scene is given in fig.5. 
                                                    
Fig.4.  PMMW focal plane image of the scene                                                                    Fig.5.  visible image of the scene   
Fig.4 and fig.5 shows two buildings made up of concrete, in fig.4 white is cold in this image, the 
contour of the building is clear which could be related to the visible image in fig.5 well. The temperature 
of sky is cold, and the temperature of the building is warmer. 
4. Conclusion 
The design of a 8mm passive focal plane image system is proposed in this paper which could be 
applied for auto landing guidance. Experimental result show that the contour between the cold body(sky) 
and the warmer body(building) is clear, the contour of buildings could be distinguished clearly. 
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